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Description 

PAr^nROUND OF THE INVENTION 
s Field of the Invention: 

The present invention relates to a resin composition which can be pfated. The resin f XKdeXo/e^' 
inn characteristics and excellent electrical characteristics, and is particularly useful as a matenal fo electric or elec 
sS as circuit boards, wiring circuit boards, connectors, housing, and insuiator* More partcularly. 
io tZZZSZtoSn composition of the present invention is thermoplastic and has excellent plating and electrical chanac- 
Ss Jls SeTa materia, for manufacturing three dimensional circu* boards, molded interconnection deuces 
(MID), and molded circuit boards (MCB) using injection molding techniques. 

pj.y r iigsinn of the Bgnknround: 

Because thermoplastic resin compositions having superior plating characteristics can be easily process * 
tion mowing or extrusion molding into three dimensional articles, such commons are abundanfly used for vanous 
electric or electronic parts, automobile parts, mechanical parts, and ornamental articles irr ^ rnia 
^■TntiTnal ^compositions capable of being plated exhibit adequate • ^J^»S£ S 
20 ments in the shape and size of fillers which are added to such compositions and development in the plating fetology 
Sin toTh?exce..ent p.ating characteristics thermoplastic resins used for electronic ^ 
boaris wiring circuit boards, connectors, housing, and insulators, must have excellent electrical 

Here tte plating characteristics indicate the capability of connecting the plated resin composition and the plating 
metal L is frerthestan between the resin composition and the metal plating film. Excellent res. n-metal adhesion 
2S melns eSempfaS characteristics. Excellent electrica. characteristics, on the other hand, are charactenst.^ 
for anTnSing resin materia.. particular.y a high frequency insulating resin materia. 
Zng excellent electrical characteristics must have a low dielectric constant (e) and a low d.elecanc loss tangent (tan 

8> " However conventional resins and resin compositions to be plated have a high dielectric constant and a high die- 
so lectrte^ St For example, resins to be plated disclosed in Japanese Patent Appl.cat.on Laid-open Nos^ 
S£ 5£»" T 23027^. arS 98637/1989 have excellent plating characteristics and possess an extreme y M^gh 
SSally However, because of their poor electrical characteristics, application of these res.ns must ^be hrnrte* 
rS ^ampTe rt is difficult to use these resins for e.ectronic parts used in the high frequency wave reg.on due to a large 

35 Si9n Si°the other hand, the adhesion strength between a molded resin and a metal plating film is largely Reeled byr the 
ohysk^ chSerrste of the resin surfaced that is, roughness of the resin surface. In particular the platmg adhesion 
SnS SSISSy improved by forming uniformly small anchoring pores (hereinafter cai.ed "m,crooores ). This .s 

"t SUSVS^ etching p^«^«^-n««««^«^i-^^"2; 

<o pores on Krface of moided resins. Such micropores can be easily formed by a chemical etching IP™~^ 
Sn^rfees for example manufacturing molded articles from a resin composition comprising a preserved amount of 
*oSc Nle wSs solub.e in an acid, an alkati. or an organic solvent and immersing the molded mm surface ,n a 
S «SS aci*. alkali, or organic solvent) to cause the inorganic filler lodissolve out and be removed. 
P Tn th* ™n ner Y5n Imposition comprising a thermoplastic resin and a specHic -organic ,Her 
45 in an acid an alkali, or an organic solvent has been conventionally used as the resin composition to be pfated. Various 
aie7s sShas ^Waumcarbonate glass, magnesium carbonate, magnesium oxide, calcium pyrophosphate, barium sul- 
fa^ bariun, c£^*e aSc oxkie are used as the inorganic filler. These conventional inorgan,^ fillers howeve^ 
Spair thel^ncal characteristics of the reans, for example, by increasing the 

tanoent The increase in the dielectric constant or the dielectric loss tangent causes the signal loss to increase °^elays 
*> SalianSor, speed, particularly when the product is used as an insulating materia, for electron* parts, inter 

a ^;Th^^^^ «y in me range o, 1 GHz or .arger. Specie equipment 

usin! ^high Cency^s incLes cellular phones. PHS. pocket bells, satel.fte terminals, navigation systems, wire- 

* '^£™e^ 

and excellent electrical characteristics (low dielectric constant and low dielectric loss tangent). . 

EE of miniaturization and high integration of electronic parts in recent year* QM-. - JJJJJ 
technologies for manufacturing electronic parts by injection molding wh.ch .s su.table for mold.ng small and integrated 

parts. 
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An obiect of the present invention is therefore to provide a thermoplastic resin composition for plating, suitable for 

> tics and excellent electrical characteristics. 
qi fMMARV OF THF INVENTION 

""S^SS^f^L «l .MW « ft. h— » - »««>« t«m. m». ,«* .pp™. W» « «• 

lowing description. 

r5 nFTAII FD DESC"iPTinM OF TH E pRFFFRREO FMBODIMENTS 

Aiuminum borate and amorphous silica used in the present invention have aspect ratios of 10 or smaller, preferably 

prese^^^^^ 

(PE). PO'VP"^^ (PPE), po.yamHe (PA: nylon), polyeth- 

plastics. such as polyacetate (POM). ^polyc a *°" a « » /PBTV and other thermoplastic resins such as polyphe- 

shown by the following formulas: 

nAI 2 0 3 • mB20 3 (1) 
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wherein n and m individually represent an integer of 1-100. and 
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Aluminum borate is industrially manufactured from A. 2 0 3 and Bfi> by a method called an <^^£~ 
meamorphous .Ilea Is preferably that containing ^ ™* ^^^^^^ 

is less than 96%. nrocont invention are powdery or globular fillers having an fW* 

The aluminum borate and amorphous sil.ca used in ^^^X ^S^oAuJ^OarlB K. preferably . 
aspect ratio, which isthe ratio of thelength along the .ongaxis t ^^^g^^^*,,***,** 
5 or .ess. and an average diameter of 0.01-100 ^ preferably 0.1 -50 2^m^Sc^^cs. » the 
closer the shape of the filler to a sphere, the greater the degree of ftrels remarkably decreasing the 

aspect ratio is too large, specifically larger than 10. the ^^.'^Tte dSSfcr the catalysts for non-elec- 

Kf;£raS^ 

TJ^ZSESZ KSST- KSSSU compost - remarry -owered and m«ding proc- 

^SSSvedispersibiHty and affinity teta ^lh-m--^o^^*.lr^«« 

used in the present invention may be surface-treated by a ^ u Gjven as ^p,^ * 

me addition of a coupling agent is given as an ex ample o ^SnSSSLm.. vinyltris(p^eth- 
coupling agents which can be preferably P -(3.4-epoxycy- 
oxyethoxyjsilane. vinyltriethoxys.lane. ^SSZrtSU^ N " p - 
as clohexyl)ethyltrimethoxysilane. rtf* 0 **!™ Y-aminopropyltri- 
(aminoWo-rarninopropyltrimethoxysilane. N-p-(am,noeth^^ 

ethoxysilane. N-phenyl-y -amincpropyltrimethoxysilan ^I^S^ ^^^l^^. 3- 

Further, it is pobsWo » ""W" 0 «l«s ota .xanwes of so* ah* homanic 

d<»s noting M ««tt* *-"^^S£TiSISr *1 W^S»su balloons. «n»l 

by a solvent cast method using an organic solvent or the like. str enath of adhesion between the 

aon strength) *pends on the ph»sica oharaotsnsK, « •»""•< ^^E'JB. strength I™" th. 
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out by immersing the molded resin surface in an acid, alkali, or organic solvent, or the like and dissolving and removing 
the inorganic filler from the surface of the molded article. 

Because aluminum borate and amorphous silica used in the present invention is soluble in *^ 
tions it is possible to dissolve aluminum borate or amorphous silica and remove these from the "^""^^ 

5 des by chemically etching that surface with an alkaline aqueous solution, thereby producing micropores which are 
eSLive fw S ^the alkaline aqueous solution, aqueous solutions of sodium hydroxide. potassium hydroxide l.th- 
SdrSdV X the like are preferred in view of the so.ubility of aluminum borate and amorphous s..,ca and ateo ,n 
Z» of ^nornVThese alkaline aqueous solution may be used erther indivkJually or mixed. The 
»ioTo° thValkaline aqueous solution is in the range of 1 N to 15 N, and particularly ,n the range of 3 N to 12 N If the 

w aTkaH concentration is too small, it takes a long time for the aluminum borate or amorphous s.l,ca to dissolve out. rffte 
co^emraTon is too high, the resin may exhibit conspicuous deterioration, resulting in a decrease ,n the plating adhe- 

Si °" iJthTctse where inorganic fillers other than aluminum borate or amorphous silica are used, these other inorganic 
fiHers rZfe cheSlly etohed together with aluminum borate and amorphous silica. In this case, the etching solution 
« Z STr^ Jonskieration me characteristics (e.g.. the solubility, corrosivity. etc.) of such other '"organic j ,N- 
ers. ^stance when calcium carbonate, pyrophosphate, or barium sulfate is used together wrth *»™™^eor 
Amorphous silica, an acid, such as sulfuric acid, hydrochloric acid, chromic aod. phosphoric acid, acetic aooV or bone 
aca a^ure two or more of these acids, or aqueous solution of one or more of these acid can be u^When 
g'assipTor alumina-type fillers are used together, an alkali, such as an aqeous solution of potasaum hydrox.de. 
20 sodiumhydroxide or lithium hydroxide, or mixture of these, at arv or^oflal concentration, can be used 

raS of S above casei the chemica. etching is carried out at room temperature (20-C) to 120-C, preferab.y at 
a temperature of 50-C to 1 00»C. If the etching temperature is too low, it takes a long tme for the inorganic fillers to dis- 
solve out if too high, deterioration of the resin is conspicuous. _„*„„.:«, 
Tolmpro™ the rate of dissolution of the organic fillers it is possible to agitate the mixture, irradiate the m-xture w,th 
as ultrasonic waves or bubble air through the mixture, during the chemical etching. 

Tad^oTto carry out the chemical etching more effectively a procedure called pre-etchmg. which consists of 
exp^ii^eTno^ic fillers by dissolving the resin on the surface of molded article (a skin layer of resin), may be 
Srea^rirmio'na. methods* pre-etching can be used. Among organic solvents, alkaline -°"«^<?*^ 
monlvused for pre-etching, organic solvents or acids are particularly preferred in the present nverrton Preferred 
woanic I7ven^ us^ for p7e-etching are. for example, chloroform, dichloromethane. benzene, toluene, xylene, pynd- 
2 The^e telhydTofura^. acetonLe. ethyl acetate, N,N<iimethylforrnamide. N-methylpyrrolidone and dimethylsul- 
foxWe^Jf acid hydrochloric acid, chromic acid, nitric acid, or phosphoric acid, or mixtures of these are given as 

""^SS^^S^^ step and the pre-etching step, the molded produc* Pr*uced»om the resin «m- 
posrtion the present invention may be plated by non-electrolyte plating or electrolytic plafng ,n the same manner as 

in conventional resin compositions for plating. . ftUn 

As previously mentioned, the resin composition of the present invention preferably has a dielectric constant of 4.0 
or lest^a dTSc iL tangent of 0.01 or less in the high frequency region of 100 KHz to 300 GHz^Res.n compo- 
s^onl.^^ 

reoion may unduly increase signal loss when used as an insulating material for electronic parts, particularly the elec- 
S S or rSSs used in a high frequency region of 1 GHz or greater, making rt difficutt to reasonably des.gn 

circuits and the like Such parts or materials are unusable in some on applications. . , 4l _ . 

^^iS^a the Invention will become apparent in the course of the following description of the exemplary 
embodiments which are given for illustration of the invention and are not intended to be limiting thereof. 

EXAMPLES 

The aluminum borate used in the examples and comparative examples hereinbelow consists of rhombic system 
crysSs hSg a chemical formula of 9A! 2 0 3 • 2^ and made from Al 2 0 3 and BA by the external flux method^ 
^ used in the examples and comparative examples was made by melting quartz (crystalline sH.ca) 

with an Si0 2 purity of 99.9% or more, and cooling the molten silica. 

The following resins were used in the examples and comparative examples. 
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. pei- Polyether imide, Ultem 1 000™, manufactured by GE Plastics Japan Ltd. 

. PPE: Denatured polyphenylene ether, XYRON PXL X9102™, manufactured by Asahi Chemical Industry Co., 

• LCP- Liquid crystal polymer, SUMIKASUPER LCP E6000™. manufactured by Sumitomo Chemical Co., Ltd. 

. pa- Nylon 6 NOVAMID 1013C™, manufactured by Mitsubishi Chemical Corp. 

. POM: Polyacetate. Tenac 3010™. manufactured by Asahi Chemical Industry Co.. Ltd. 



5 



EP 0 736 568 A1 

• PBT Polybutyleneterephthalate.TeijinPBTCN-7000™, manufactured by Teijin Co. 

. PEEK- Polyether ether ketone. VICTREX 45G™, manufactured by Sumitomo Chemical Co Ltd 
. pps Polyphenylene suHide. Lightone R-4~, manufactured by Dainippon ,nk and chem.cals. Inc. 

. PC: ' Polycarbonate. NOVAREX 7022A™. manufactured by Mitsubishi Chemical Corp. 

5 

Example 1-54 

(Preparation of resin compositions to be plated) 

z^txz^^z^ - r**r - ir *"J2r ta " and rotat,ons 

shown in Tables 2-1 to 2-4. After cooling, the strands were cut by a pellehzer to produce pellets. 

is (Molding) 

The pellets were dried at 100-150'C in a thermostat and molded by an inje <^ ' ™ ^J^S 
factured bv Wockner Ferromatik Desma GmbH) at the molding temperatures shown in Tables 2-1 to 2-4 to Prepare test 
12^2^-^ P"a«ng characters and eiectrical characteristics. The shapes of the test leaves were as 

20 follOWS. 

(Shapes of test leaves) 

•^Trmm^temm- EE^JSffi^ 
" :Kit!S™^!IS fTthe"^^*^ 

(Plating) 

The above test leaves were de-fatted by treating with Ace Clean ^Z~*^^J>^ "£ 



tries^*^^^^ 

I^hecLTtilsho^ in Tables 3-1 *~«T*B.^*^^?;^}?^!!Z^^ 

5 g/l NaOH aqueous solu 
ditioned with 150 ml/l of 
followed by washing with 



d£n«l «hTiso nM of Oritur SP" ™m*our«. by ^9^<^T^^S^S^Si 



source voltage of 6-8 V. 



(Evaluation of plating characteristics) 
• Evaluation of surface conditions after chemical etching 



The test leaves (ASTM #1 Dumbbell) were dried after chemical etching . A cellophane tape ( w ^ h: J^ mm ^ n " o 
fact Jed En ichiban Co Ltd.) was attached to the chemically etched surface and pressed (pressure abort 500 g) to 

The peelability of the surface layer by macroscopic observation. The results are classrf.ed as follows. 



® There was no release of resin from the surface whatsoever. 

O There was almost no release of resin from the surface. 

55 a Part of the surface resin was released. 

X The resin surface was attached to the tape and released with the tape. 
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• Evaluation of external appearance of plated surface 

After electroplating, the extern* appearance of the p.ated surface (uniformity of ptoted film, presence or absence 
of plating swelling) was macroscopioally observed according to the follow-ng cntena. 

5 

(Uniformity of plated film) 

@ The surface was uniform and mirror-like 

O The surface was uniform and almost mirror-like. 

10 A part of the surface was not uniform. 

X The surface was not uniform as a whole. 

(Swelling of plated film) 

is ® There was no swelling of the plated film whatsoever. 

O There was almost no swelling of the plated film. 

a Part of the plated film exhibited swelling. 

X Complete swelling of the plated film was observed. 

20 • Measurement of plate film adhesion strength 

25 Evaluation of electrical characteristics) 

. Measurement of dielectric constant and dielectric loss tangent 

Measured wave length: 1 MHz, 10 MHz. 1GHz, 10GHz. 20 GHz 
30 Measurement temperature: 25°C 
Measuring method: 

(1) Parallel plate electrode method (1 -15 MHz) 

(2) Triplate line resonator method (Loss separation method; 1-25 GHz) 



35 



The results of evaluation of peelability of the surface layer and plating characteristics after chemica A e» ching are 
showJ I Ta^s m£ 3-4. The results of evaluation of the Metrical characteristics are shown .n Tables 4-1 to 4-4. 
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TABLE 1-1 



Example 


Resin 


Inorganic Filler (Aluminum borate) 
















Types 


Amount (wt%) 


A mourn iwr»j 


Average 
Diameter (p.m) 


Aspect Ratio 
(Average) 


1 


PEI 


80 


20 


2.5 


1.5 


2 


PEI 


60 


40 


2.5 


1.5 


3 


PEI 


50 


50 


2.5 


1.5 


4 


PEI 


50 


50 


4.0 


1.5 


5 


PEI 


50 


50 


7.0 


1.5 


6 




50 


50 


8.0 


1.4 


7 


PEI 


50 


50 


8.0 


3.0 


8 


PEI 


50 


50 


8.0 


5.5 


9 


PEI 


50 


50 


8.0 


8.5 


10 


PEI 


50 


50 


30.0 


1.5 


11 


PPE 


50 


50 


2.5 


1.5 


12 


POM 


50 


50 


2.5 


1.5 


13 


PA 


50 


50 


2.5 


1.5 


14 


PBT 


50 


50 


2.5 


1.5 


15 


PEEK 


50 


50 


2.5 


1.5 


16 


PPS 


50 


50 


2.5 


1.5 


17 


LCP 


50 


50 


2.5 


1.5 
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TABLE 1-2 



Example 
No. 


Resin 


Inorganic Filler (Amorphous 


silica) 




Types 


Amount (wt%) 


Amount (wt%) 


Average 
Diameter (^m) 


Aspect Ratio 
(Average) 


18 


PEI 


80 


20 


5.2 


1.4 


19 


PEI 


70 


30 


5.2 


1.4 


20 


PEI 


60 


40 


5.2 


1.4 


21 


PEI 


40 


60 


5.2 


1.4 


22 


PEI 


60 


40 


3.1 


1.5 


23 


PEI 


60 


40 


1.2 


1.3 


24 


PEI 


60 


40 


7.9 


1.4 


25 


PEI 


60 


40 


27.0 


1.3 


26 


PEI 


60 


40 


3.1 


3.0 


27 


PEI 


60 


40 


3.1 


7.8 


28 


PPE 


60 


40 


5.2 


1.4 


29 


POM 


60 


40 


5.2 


1.4 


30 


PA 


60 


40 


5.2 


1.4 


31 


PBT 


60 


40 


5.2 


1.4 


32 


PEEK 


60 


40 


5.2 


1.4 


33 


PPS 


60 


40 


5.2 


1.4 


34 


LCP 


60 


40 


5.2 


1.4 


35 


PPE 


60 


40 


0.1 


1.6 


36 


PPE 


60 


40 


50 


1.2 


37 


PPE 


30 


70 


5.2 


1.4 


38 


PPE 


90 


10 


5.2 


1.4 


39 


PPE 


95 


5 


5.2 


1.4 



TABLE 1-3 



Example 


Resin 


Inorganic Filler (Aluminum borate) 


No. 














Types 


Amount (wt%) 


Amount (wt%) 


Average 
Diameter (jim) 


Aspect Ratio 
(Average) 


40 


PEI/PPE 


25/25 


50 


8.0 


1.4 


41 


PEI/PPE 


30/20 


50 


8.0 


1.4 


42 


PEI/PPE/LCP 


20/20/10 


50 


8.0 


1.4 


43 


PA/PPE 


25/25 


50 


8.0 


1.4 
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TABLE 1-4 



15 



Example 
No. 


Resin 


Inorganic Filler (Amorphous 


, silica) 




Types 


Amount (wt%) 


Amount (wt%) 


Average 
Diameter (u,m) 


Aspect Ratio 
(Average) 


44 


PEI/PPE 


25/25 




5.2 


1.4 


45 


PEI/PPE 


30/20 


50 


5.2 


1.4 


46 


PEI/PPE 


20/30 


50 


5.2 


1.4 


47 


PEI/PPE/LCP 


20/20/10 


50 


5.2 


1.4 


48 


PPE/PA 


25/25 


50 


5.2 


1.4 


49 


PPE/PC 


25/25 


50 


5.2 


1.4 


50 


PEI/PC 


30/20 


50 


5.2 


1.4 


51* 1 


PEI/PPE 


18/42 


40 


5.2 


1.4 


52* z 


PEI/PPE 


18/42 


40 


5.2 


1.4 


S3* 3 


PEI/PPE 


18/42 


40 


5.2 


1.4 


54*4 


PEI/PPE 


18/42 


20/20^ 


8.0/5.2* b 


1.4 



*1 : 5 wt% of an epoxy denatured St- MM A copolymer was added as a compatibili; 



*2 1 wt% of titanium oxide was added as a coloring agent. 
*3 : 0.001 wt% of Y-aminopropyftriethoxy silane was added as a silane coupling agent for amorphous 

M^A mixture of aluminum borate and amorphous silica was used as the inorganic filter. 
*5 : Aluminum b orate/amorphous silica 
30 - 6 ; Aluminum borate/amorphous silica 
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TABLE 2-1 



Example 
No. 


Kneading Conditions 


Injection Nozzie 

Icll ipci etiui c 




Tamnarati irA 
leiTljJciaiui t? 


Rotation 






\ ^) 


rpm 


\ W 


1 


oUU 


100 


0*rU 


2 


oUU 


100 


*5*^n 


3 


oUU 


100 


ODU 


4 


oUU 


mn 


ODU 


5 


300 


mn 


ODU 


6 


300 


100 


ODU 


7 


300 


100 


360 


8 


300 


100 


360 


9 


300 


100 


360 


10 


300 


100 


340 


11 


280 


150 


300 


12 


220 


150 


220 


13 


250 


150 


250 


14 


370 


120 


250 


15 


330 


100 


380 


16 


320 


100 


340 


17 


300 


100 


340 
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TABLE 2-2 



Example 
No. 



18 
~19 
~20 
~21 

~ii 

~23 
~~24 
"25 
~~26 
27 
28 
29 
30 
31 
32 
33~~ 
34" 
35~~ 
36~~ 
37~ 
38* 
39~ 



Kneading Conditions 



Temperature 
(°C) 
300 
~300 
"300 
300 
300 
300 
300 
300 
300 
300 
260 
210 
250 
240 
350 

iio 

340 

iio 

i60 
270 
260 
260 



Rotation 
rpm 
l5fJ 
"l5() 
150 

~rio 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150~ 

140 

150 

Too" 

150" 

Tib" 



Injection Nozzle 
Temperature 



(°C) 
310 
"310 
320 
340 
320 
320 
320 
320 
320 
320 
290 
220 
260 
260 
390 
340 
340 
290 
290 
300" 
290 
290~ 



4S TABLE 2-3 



Example 
No. 


Kneading Conditions 


Injection Nozzle 
Temperature 




Temperature 


Rotation 






(°C) 


rpm 


(°C) 


40 


300 


100 


320 


41 


300 


100 


330 


42 


290 


100 


330 


43 


320 


120 


300 
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TABLE 2-4 



Example 
No. 


Kneading Conditions 


Injection Nozzle 
lemperaiurt? 




Temperature 


Rotation 






l°C) 


rpm 


( 


44 


300 


150 


320 


45 


300 


150 


320 


46 


300 


150 


320 


47 


300 


150 


330 


48 


280 


150 


300 


49 


250 


150 


260 


50 


280 


150 


300 


51 


300 


150 


320 


52 


300 


150 


320 


53 


300 


150 


320 


54 


300 


150 


320 
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TABLE 3-1 



Fvarrrolfi 
No. 


Chemical Etching Conditions 


Surface 


Evaluation of plated 


Film 




Soln. 


Cone. 


Temp. (°C) 


Time (min) 


Peelability 


Appea 


ranee 


Adhesion 














Uniformity 


Swelling 


(Kg/cm) 


1 


Acq.KOH 


8N 


95 


120 


O 


® 


® 


1.21 


2 


Acq.KOH 


8N 


95 


120 


® 


® 


® 


1.44 


3 


Acq.KOH 


8N 


95 


120 


® 


® 


® 


1.85 


4 


Acq.KOH 


8N 


95 


120 


® 


® 


® 


1.70 


5 


Acq.KOH 


8N 


95 


120 


® 


® 


® 


1.71 


6 


Acq.KOH 


8N 


95 


120 


® 


® 


© 


1.66 


7 


Acq.KOH 


8N 


95 


120 


© 




Kir 


1.51 


8 


Acq.KOH 


8N 


95 


120 


® 


® 




1.50 


9 


Acq.KOH 


8N 


95 


120 




© 




1.42 


10 


Acq.KOH 


8N 


95 


120 


® 


® 




1.50 


11 


Acq.KOH 


8N 


80 


90 


® 


® 




1.89 


12 


Acq.KOH 


8N 


80 


90 


® 


® 




1.77 


13 


Acq.KOH 


8N 


80 


90 


® 


® 


© 


1.74 


14 


Acq.KOH 


8N 


80 


60 


O 


® 


© 


TH 


15 


Acq.KOH 


8N 


95 


120 


® 


® 


© 


-U80 


16 


Acq.KOH 


8N 


95 


120 


® 


® 


© 


1~56 


17 


Acq.KOH 


8N 


80 


60 


O 


© 


© 


-T63 



14 
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TABLE 3-2 



No. 


Chemical Etching Conditions 


Surface 


Evaluation of plated f 


ilm 




3oln. 


Cone. 


Temp. (°C) 


Time (min) 


Peetabitity 


Appear 


ance 


Adhesion 














Uniformity 


Swelling 


(Kg/cm) 


18 


Acq.KOH 


8N 


90 


60 


® 


® 


® 


1 .36 


19 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.49 


20 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.88 


21 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1 .95 


22 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.51 


23 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.47 


24 


Acq.KOH 


8N 


90 


90 


© 


® 


® 


1.48 


25 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.35 


26 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.45 


27 


Acq.KOH 


8N 


90 


120 


® 


® 


® 


1.41 


28 


Acq.KOH 


8N 


90 


60 


® 


® 


® 


1.56 


29 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.52 


30 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.47 


31 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.48 


32 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.72 


33 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.31 


34 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.57 


35 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.21 


36 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.78 


37 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.23 


38 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.10 


39 


Acq.KOH 


8N 


90 


90 


O 


o 


O 


1.02 








TABLE 3-3 


Example 
No. 


Chemical Etching Conditions 


Surface 


Evaluation of plate 


drum 




Soln. 


Cone. 


Temp. (°C) 


Time (min) 


Peelability 


Appc 


jarance 


Adhesion 














Uniformity 


Swelling 


(Kg/cm) 


40 


Acq.KOH 


8N 


95 


120 


O 


® 


® 


1^89 


41 


Acq.KOH 


8N 


95 


120 


® 


® 


® 


-L89 
TA8 


42 


Acq.KOH 


8N 


80 


90 


® 


® 


® 




43 


Acq.KOH 


8N 


80 


90 


® 


® 


® 


1.41 
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TABLE 3-4 



5 


Example 
No. 


Chemical Etching Conditions 


Surface 


Evaluation of plated 


film 






Soln. 


Cone. 


Temp. (°C) 


Time (min) 


reeiauiiiiy 




ranee 


Adhesion 
















Uniformity 


Swelling 


(Kg/cm) 


10 


44 


Acq.KOH 


8N 


90 


90 




© 


® 


1.71 

Tla 






Acq.KOH 


8N 


90 


90 


© 


® 


© 


1^69 




46 


Acq.KOH 


8N 


90 


90 


® 


® 


® 




15 


47 


Acq.KOH 


8N 


90 


90 


® 


® 


© 


1.53 


48 


Acq.KOH 


8N 


90 


90 


® 


® 


® 


1.41 




49 


Acq.KOH 


8N 


90 


90 


® 


® 


© 


1.54 




50 


Acq.KOH 


8N 


90 


90 


® 


© 


© 


1.63 


20 


51 


Acq.KOH 


8N 


90 


90 


® 


® 


© 


T63 
1^65 




52 


Acq.KOH 


8N 


90 


90 


® 


® 


© 


1^42 




53 


Acq.KOH 


8N 


90 


90 


® 


® 


© 




25 


54 


Acq.KOH 


8N 


90 


90 


® 


© 


© 


1.77 



30 



35 



40 



45 



50 
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TABLE 4-1 



(Upper row: Dielectric constant 
bower row: Dielectric loss tangent) 



I Example No. 


1 MHz 


10 MHz 


1 GHz 


1U tanz 


c\) writ I 


1 


325 


3.24 


3.15 


3.14 


3.12 I 




0.004 


0.004 


0.005 


0.006 


n nn7 I 

U.UU/ 1 


2 


3.30 


3.30 


3.29 


3.24 


3.22 1 




0.004 


0.005 


0.007 


0.007 


n nn7 I 


3 


3.31 


3.30 


3.30 


3.26 


3.24 1 




0.005 


0.005 


0.006 


0.007 


n nft7 1 
U.UU/ j 


4 


3.31 


3.29 


3.29 


3.28 


3.26 




0.005 


0.006 


0.007 


0.007 


n nnfi 1 
U.UUo 1 


5 


3.30 


3.30 


3.28 


3.28 


3.26 




0.004 


0.004 


0.006 


0.007 


ft ftft"7 1 

o.uu/ i 


6 


3.30 


3.29 


3.28 


3.28 


3.27 | 




0.006 


0.006 


0.006 


0.007 


ft ftftQ 1 

u.uuo 1 


7 


3.31 


3.30 


3.28 


3.28 


3.28 




0.005 


0.005 


0.006 


0.007 


ft ftft*7 1 

0.00/ 


8 


3.29 


3.28 


3.26 


3.26 


3.26 1 




0.005 


0.006 


0.006 


0.006 


ft ftft.7 1 

U.UU/ 1 


9 


3.30 


3.30 


3.29 


3.26 


3.26 




0.005 


0.006 


0.007 


0.007 


ft ftft.7 1 
U.UU/ 1 


10 


3.23 


3.23 


3.22 


3.22 


3.20 I 




0.002 


0.002 


0.003 


0.003 


ft nfti 1 

U.UUO 1 


11 


2.44 


2.44 


2.43 


2.42 


2.41 I 




0.001 


0.001 


0.001 


0.001 


n nm I 

U.UU 1 1 


12 


3.65 


3.65 


3.61 


3.60 


3.58 | 




n nn^ 


0.006 


0.006 


0.007 


0.007 j 


13 


3.41 


3.41 


3.38 


3.36 


3.35 




0.009 


0-009 


0.009 


0.009 


0.009 j 


14 


3.23 


3.22 


3.20 


3.18 


3.18 




0.001 


0.001 


0.001 


0.001 


0.001 


15 


3.10 


3.10 


3.07 


3.07 


3.04 




0.003 


0.003 


0.003 


0.004 


0.004 I 


16 


3.52 


3.52 


3.50 


3.50 


3.48 




0.004 


0.004 


0.004 


0.004 


0.006 | 


17 


3.61 


3.60 


3.58 


3.55 


3\55 




0.008 


0.008 


0.008 


0.009 


0.009 I 
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TABLE 4-2 



5 


(Upper row: Dielectric constant 
Lower row: Dielectric loss tangent) 






Example No. 


1 MHz 


10 MHz 


1 GHz 


10 GHz 


20 GHz 




18 


3.15 


3.14 


3.10 


3.10 


3.10 






0.003 


0.004 


0.005 


0.005 


0.006 


10 


19 


3.19 


3.18 


3.12 


3.12 


3.11 






0.003 


0.004 


0.005 


0.006 


0.006 




20 


3.20 


3.19 


3.15 


3.14 


3.13 


15 




0.004 


0.004 


0.005 


0.005 


0.006 




21 


3.25 


3.24 


324 


3.22 


3.20 






0.003 


0.003 


0.004 


0.005 


0.005 




22 


3.21 


3.20 


3.17 


3.15 


3.13 


20 




0.003 


0.004 


0.004 


0.005 


0.005 




23 


3.20 


320 


3.15 


3.15 


3.14 






0.003 


0.003 


0.004 


0.005 


0.006 


25 


24 


3.20 


3.19 


3.18 


3.14 


3.14 






0.003 


0.004 


0.005 


0.005 


0.006 




25 


3.21 


3.20 


3.17 


3.15 


3.15 






0.004 


0.004 


0.005 


0.006 


0.006 


30 


26 


3.20 


3.20 


3.19 


3.16 


3.13 






0.003 


0.004 


0.005 


0.006 


0.007 




27 


3.21 


3.19 


3.17 


3.16 


3.15 


35 




0.003 


0.004 


0.004 


0.005 


0.006 




28 


2.92 


2.90 


2.89 


2.88 


2.86 






0.001 


0.001 


0.002 


0.002 


0.002 




29 


3.62 


3.61 


3.60 


3.58 


3.56 


40 




0.005 


0.005 


0.006 


0.006 


0.007 




30 


3.34 


3.34 


3.32 


3.31 


330 






0.007 


0.008 


0.008 


0.009 


0.009 


45 


31 


3.21 


3.19 


3.18 


3.17 


3.17 






0.001 


0.001 


0.001 


0.001 


0.001 




32 


3.08 


3.06 


3.04 


3.02 


3.01 


50 




0.002 


0.002 


0.003 


0.003 


0.003 




33 


3.49 


3.48 


3.46 


3.45 


3.44 






0.004 


0.004 


0.005 


0.005 


0.005 




34 


3.59 


3.58 


3.58 


3.58 


3.58 


55 




0.007 


0.007 


0.007 


0.005 


0.004 




35 


2.88 


2.87 


2.86 


2.86 


2.85 






0.001 


0.001 


0.001 


0.001 


0.001 
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TABLE 4-2 (continued) 



(Upper row: Dielectric constant 
Lower row: Dielectric loss tangent) 




Example No. 


1 MHz 


10 MHz 


1 GHz 


10 GHz 


20 GHz 


36 


2.89 


2.89 


2.87 


2.85 


2.84 




0.001 


0.001 


0.002 


0.002 


0.002 


37 


2.98 


2.97 


2.95 


2.94 


2.93 




0002 


0.002 


0.003 


0.003 


0.003 


38 


2.68 


2.67 


2.65 


2.64 


2.64 




0.002 


0.001 


0.002 


0.002 


0.002 


39 


2.65 


2.64 


2.62 


2.61 


2.60 




0.002 


0.002 


0.002 


0.002 


0.003 



TABLE 4-3 



(Upper row: Dielectric constant 
Lower row: Dielectric loss tangent) 



Example No. 


1 MHz 


10 MHz I 1 GHz 


10 GHz 


20 GHz 


40 


2.56 
0.003 


2.54 
0.003 


2.49 
0.004 


2.48 
0.004 


2.48 
0.005 


41 


2.69 
0.004 


2.69 
0.004 


2.67 
0.005 


2.67 
0.005 


2.67 
0.005 


42 


2.89 
0.006 


2.86 
0.006 


2.86 
0.006 


2.85 
0.006 


2.82 
0.007 


43 


3.01 
0.006 


3.00 
0.007 


3.00 
0.007 


3.00 
0.007 


3.00 
0.007 



45 



50 
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TABLE 4-4 



15 



25 



I (Upper row: Dielectric constat 
I Lower row: Dielectric loss tange 


Tt 

5Rt) 






Example No. 


1 MHz 


10 MHz 


1 GHz 


10 GHz 


20 GHz 


44 


3.01 
0.003 


3.00 
0.003 


2.97 
0.003 


2.96 
0.003 


2.95 
0.003 


45 


3.02 
0.003 


3.01 
0.004 


2.99 
0.004 


2.99 
0.004 


2.98 
0.004 


46 


2.98 
0.003 


2.97 
0.003 


2.95 
0.003 


2.94 
0.004 


2.93 
0.004 


47 


2.99 
0.004 


2.98 
0.005 


2.97 
0.005 


2.96 
0.005 


2.96 
0.006 


48 


2.98 
0.005 


2.97 
0.006 


2.95 
0.007 


2.95 
0.007 


2.94 
0.007 


49 


2.82 
0.003 


2.81 
0.003 


2.79 
0.003 


2.78 
0.004 


2.77 
0.005 


50 


2.99 
0.003 


2.98 
0.003 


2.97 
0.004 


2.96 
0.004 


2.96 
0.005 




51 


2.79 
0.002 


2.78 
0.002 


2.76 
0.002 


2.76 
0.002 


2.75 
0.002 




52 


2.85 
0.002 


2.84 
0.002 


2.85 
0.002 


2.83 
0.003 


2.83 
0.003 




53 


2.85 
0.001 


2.84 
0.001 


2.82 
0.002 


2.81 
0.002 


2.79 
0.002 




54 


2.92 
0.003 


2.91 
0.003 


2.89 
0.003 


2.87 
0.004 


2.86 
0.004 


i 



Comparative Examples 1-14 
45 (Preparation of Resin compositions to be Plated) 

so with water, the strands were cut by a pelletizer to produce pellets. 



Molding) 

The pellets were molded in me same manner as in Examples 1 -54 except .for thc« Hen« listed in Table 6. thereby 
ss pJ^CEZ?** evasion of p.ating characterises and e.ectncai character**. 



20 



# 



(Plating, Evaluation 



EP 0 736 568 A1 

of Plating Characteristics, and Evaluation of Electrical Characteristics) 



5 *JttttS2S^S=2==Z^~~ 



TABLE 5 



Comparative 
Example No. 



Resin 



Inorganic Filler 



55 



10 



11 



12 



13 



14 



[Types 
PEI 



Amount (wt%) Amount (wt%) I Average Diam- I Aspect Ratio (Average) 

eterftim) 



50 



Glass fiber 



50 



80 



2 


PEI 


50 


50 


Calcium pyrophosphate 
I 10 


1.2 


3 


PEI 


1 so T 


50 


Calcium carbonate 
I 8 I 


1.3 


4 


PEI 


1 50 


50 


Barium sulfate 
I 5 I 


1.4 


5 


PEI 


| 50 


50 


Glass beads 
I 10 | 


1.1 


6 


PEI 


"I 50 


50 


Aluminum oxide 
I 15 | 


1.3 


7 


LCP 


| 50 


50 


Calcium pyrophosphate 
I 10 


1.2 


8 


PPE 


~1 50 


50 


Calcium carbonate 

i ° i 

Calcium Dvrophosphate 


1.3 



PPE 



50 



10 



1.2 



PA 



50 



50 



Calcium pyrophosphate 

10 I 1-2 



PEI/PPE 
PEl/PPE 



25/25 
30/20 



PE1/PPE/LCP | 20/20/10 
PA/PPE I 25/25 



Calcium pyrophosphate 

50 _| 10_ i 12 

Calcium pyrophosphate 

50 | 10_ I 12 

Calcium pyrophosphate 

50 | ]0_ I 12 

Calcium pyrophosphate 

50 I 10 I 12 
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TABLE 6 



5 


Comparative 
Example No. 


Kneading Conditions 


Injection Nozzle 
Temperature 






Temperature 


Rotation 








(°C) 


rpm 


(°C) 




1 


320 


100 


340 


10 


2 


320 


100 


340 




3 


320 


100 


340 




4 


320 


100 


340 


IS 


5 


320 


100 


330 




6 


320 


100 


340 




7 


330 


100 


340 




8 


290 


150 


300 


20 


9 


290 


150 


300 




10 


250 


150 


250 




11 


300 


100 


330 


25 


12 


300 


100 


330 




13 


310 


100 


330 




14 


290 


100 


300 



30 



35 



40 



45 



50 



22 
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TABLE 7 



Comp. 
Exam - 
pie No. 


Chemical Etching Conditions 


Surface 


Evaluation of plated 


film 




Soln. 


Cone. 


Temp. (°C) 


Time (min) 


Peelabitity 




ranee 


Adhesion 
















Swelling 


^i\g/cm; 


1 


Acq.NaOH 


10N 


80 


120 


X 


V 
A 


x 


0.23 


2 


Conc.H 2 S0 4 




25 


15 


® 


<Q) 




1 .85 

H AC 


3 


(JOrlC. n 2 OVJ 4 




25 


15 


O 


0 


0 


1.4o 

* rn 


4 


Conc.H 2 S0 4 




25 


15 


O 


0 


0 


1 .50 


5 


Acq.NaOH 


10N 


80 


120 


A 


0 


0 


1 .30 


6 


Acq.NaOH 


10N 


80 


120 




0 


0 


1.19 


7 


Conc.H 2 S0 4 




25 


15 


© 


® 


® 


1.86 


8 


Conc.H 2 S0 4 




25 


15 


A 


0 


0 


1.10 


9 


Conc.H 2 S0 4 




25 


15 


® 


0 


0 


1.26 


10 


Conc.H 2 S0 4 




25 


15 


® 


® 


® 


1.36 


11 


Conc.H 2 S0 4 




25 


15 


® 


® 


® 


T45 


12 


Conc.H 2 S0 4 




25 


15 


® 


® 


® 


1.65 


13 


Conc.H 2 S0 4 




25 


15 


® 


® 


® 


1.80 


14 


Conc.H 2 S0 4 




25 


15 


® 


® 


® 


1.47 



35 



'40 



45 



50 



55 



23 
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TABLE 8 



5 


(Upper row: Dielectric constant 
Lower row: Dielectric loss tangent) 




Comparative 
Example No. 


1 MHz 


10 MHz 


1 GHz 


10 GHz 


20 GHz 




1 


4.51 


4.44 


4.41 


4.40 


4.28 


10 




0.032 


0.033 


0.035 


0.039 


0.042 




2 


4.48 


4.42 


4.36 


4.35 


4.35 






0.028 


0.028 


0.029 


0.030 


0.033 


15 


3 


3.99 


3.97 


3.96 


3.96 


3.95 




0.015 


0.015 


0.016 


0.016 


0.018 




4 


4.15 


4.14 


4.10 


4.10 


4.09 






0.019 


0.018 


0.022 


0.021 


0.021 


20 


5 


4.49 


4.43 


4.42 


4.41 


4.35 






0.035 


0.034 


0.036 


0.036 


0.036 




6 


4.20 


4.20 


4.18 


4.18 


4.15 


25 




0.022 


0.022 


0.024 


0.025 


0.025 




7 


4.69 


4.67 


4.65 


4.61 


4.60 






0.033 


0.034 


0.035 


0.035 


0.038 




8 


4.15 


4.15 


4.14 


4.12 


4.12 


30 




0.018 


0.018 


0.020 


0.021 


0.024 




9 


4.28 


4.26 


4.25 


4.25 


4.24 






0.009 


0.010 


0.012 


0.012 


0.013 


35 


10 


4.59 


4.58 


4.52 


4.50 


4.48 






0.033 


0.033 


0.032 


0.034 


0.035 




11 


4.39 


4.38 


4.35 


4.31 


4.30 


40 




0.029 


0.029 


0.031 


0.033 


0.034 
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Evaluation and Comparison of Platin g Characteristics 

Samples of Examples 1-54 comprise commercially available resins, polymer alloys, and aluminum borate or amor- 
phous silica with a specific size and shape. Samples of Comparative Examples 1-14 were made by blending conven- 
tional inorganic fillers. 

Although the required plate adhesion strength differs depending on the application, the strength should be at least 
about 1 kg/cm. As can be seen in Tables 3-1 to 3-4, no test leaves of Examples 1 -54 were peeled in the surface peela- 
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bility test after etching with alkali (a KOH aqueous solution). In addition, all these test leaves exhibited an adhesion 
strength greater than 1 kg/cm. 

As can be seen in Tables 5 and 7, the composition of the Comparative Example 1 blended with glass fiber exhibited 
peeling of the surface layer after chemical etching, indicating poor plating strength. The external appearance of the 
plated surface was also poor. On the other hand, Tables 5 and 7 show that all test leaves of the Comparative Examples 
2-14 exhibited adequate plating characteristics. There was no peeling in the surface peelability test after chemical etch- 
ing and all these test leaves exhibited an adhesion strength greater than 1 kg/cm. 

Evaluation and Comparis on of Electrical Characteristics 

As indicated in Tables 4-1 to 4-4, test leaves made from compositions of Examples 1-54 comprising aluminum 
borate or amorphous silica had a dielectric constant of 4.0 or less at all wavelengths. Some exhibited a dielectric con- 
stant of 3.0 or less. In addition, all these test leaves had a dielectric loss tangent of 0.01 or less, showing superior elec- 
trical characteristics of the resin composition of the present invention comprising aluminum borate or amorphous silica. 

In contrast, as can be seen in Table 8, all test leaves of the Comparative Examples 1-14 exhibited both a high die- 
lectric constant and a high dielectric loss tangent, indicating remarkably impaired electrical characteristics for these test 
leaves as compared with those of the present invention. 

As illustrated above, the resin composition for plating of the present invention has both excellent plating character- 
istics and excellent electrical characteristics. The composition is useful as a material for electric and electronic parts 
used in high frequency ranges. 

Obviously, numerous modifications and variations of the present invention are possible in light of the above teach- 
ings. It is therefore to be understood that, within the scope of the appended claims, the invention may be practiced oth- 
erwise than as specifically described herein. 



1 . A resin composition for plating comprising a thermoplastic resin and at least one inorganic filler selected from the 
group consisting of aluminum borate of the following chemical formula: 



wherein n and m individually represent an integer of 1 -100, and amorphous silica of the following chemical formula: 



2. The resin Hermann Berstorff Maschinenban GmbH composition for plating according to claim 1, wherein the inor- 
ganic filler has an aspect ratio of 1 0 or less and an average diameter of 0.01 -100 ^m. 

3. The resin composition for plating according to claim 1 containing 5-70 wt% of the inorganic filler. 

4. The resin composition for plating according to claim 1 , wherein the thermoplastic resin is a polymer alloy consisting 
of polyether imide and polyphenylene ether. 



Claims 



nAI 2 0 3 * mB20 3 



(1) 



Si0 2 



(2). 
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